Submicron aerosols, as evidenced by the occurrence of polar mesospheric and noctilucent clouds, exist at heights from which polar mesosphere summer echoes (PMSE) are observed. We investigate the role of positively and negatively charged aerosols in the scattering processes proposed in the literature. These aerosols, if charged substantially, can account for the remarkably high radar reflectivity at both VHF and UHF by raising the electron Schmidt number through the ambipolar effect. A positively charged component may be responsible for enhanced UHF radar scatter by increasing the incoherent scatter power through a dressed dust effect, although such a process is not realistic as an explanation for VHF scatter during PMSE. Such an enhanced UHF scatter will be associated with extremely narrow backscatter spectra. We propose a model in which both negatively and positively charged aerosols are present to explain both the radar properties and the rocket probe observations of charged particle depletions. Finally, we point out that the Poker Flat 50-MHz long-term data, which contrary to accepted dynamical theory show average downward velocities in the summertime upper mesosphere, can be attributed to the fall speed of the aerosols responsible for PMSE.
(1) The electric charge will induce polarization in the neutral molecules so that the interaction potential between the aerosol and the neutral molecule may depart significantly from that of a simple hard sphere approximation. (2) In the limit of very large aerosols their diffusion will be best modeled by Brownian motion. Thus we see that both the size and the charge of the aerosol directly affect its diffusivity.
In the small-scale limit, such that a charged aerosol can be viewed as an ion, the diffusivity is given by [Chapman and Cowling, 1970] 
For hydrated protons, which can cluster into fairly large sizes, we can crudely estimate (following Hall [1990] ) that the volume is proportional to the hydration number. If one assumes a hexagonal ice lattice structure where a unit cell containing 4 molecules has a volume of 1.3 x 10 -2s m s [Michel, 1978] Going back to the consideration of aerosols, we look to the limit of large size where they can no longer be studied in the context of kinetic theory but rather must be thought of as a macroscopic particle in a continuum. This transition is characterized by the Knudsen number defined by = --, where A. is the mean free path of the neutral molecules given by
Taking N, -1.94 x 1020 m -s for mesopause altitudes [Hall, 1990] , we get A,-9 mm. This is much larger than the radius of the biggest aerosols in the mesopause region, so Kn )) 1, and we conclude that the aerosols are in the free molecular flow regime, unlike those of similar size in the troposphere that are in the continuum flow regime. Thus the hard sphere diffusivity should be a good model even for the largest particles under our consideration. Are these plausible values? There have been no measurements of mesospheric aerosol charge, but calculations involving charge fluxes to aerosol particles by Turco et al. [1982] yield an estimate of Z,• ~ -4. So only the combination of a large electron density depletion and the highest estimate of large aerosol density would seem to lead to a significant change in the electron diffusivity. This seems to be a problem since some intense PMSE events occur without bite-outs (e.g., the Structure and Atmospheric Turbulence Environment (STATE) 1 case presented by Ulwick et al. [1988] ).
However, it has been pointed out by Haynes et al. [1990] that the photoionization effect, usually neglected due to the high work function for pure ice, could be dominant over collisional charging since the aerosol surface is likely contaminated by metallic substances from meteor vapor which have much lower work functions. Photoemission would lead to positively charged aerosols which have the possibility of a much higher state than the case for negative charging. This can be understood as follows. The voltage associated with a charged object equals the charge divided by the capacity. 
In other words, the bite-out is of the positive ions rather than of the electron density. However, data from a rocket carrying both a Langmuir probe and an RF capacitive probe reveal a bite-out for both probes, but with a noticeably larger magnitude for the latter in that height range (see Figure 2 ).
Since the RF probe would not inadvertently measure positively charged aerosols, the pure ion bite-out explanation would seem to be proven wrong. Furthermore, without steep edges in the electron density it seems unlikely that the radar echo characteristics that point toward a specular reflection mechanism could be explained. One way to interpret these data is to invoke both of the above bite-out explanations; i.e., the smaller aerosols are scavenging electrons, thus creating a real depletion in electron density, with positively charged larger aerosols ramming into the Langmuir probe to create a deeper apparent bite-out. Clearly, this proposition requires that larger aerosols• be preferentially charged positively. they would evaporate, and the upward motion of the aerosol constituents would not be detected by the radar. In this way the background fluid motion can be in the opposite direction of the radar Doppler velocity. However, this is not exactly our situation since the radar actually scatters coherently from inhomogeneities in the electron distribution which must follow the charged aerosols. Intuitively, it seems reasonable that even though the pattern of aerosols and electrons encounter a changing dynamic input as they descend through the neutral gas, they should retain at least a partial correlation from height to height in their spatial structure, especially at scales in the viscous-convective subrange where the charged particle dynamics is effectively decoupled from the immediate behavior of the neutra]s. gYe are planning a more rigorous analysis and a numerical simulation of this effect for a future publication.
If we take the hypothesis that the radar is indeed detecting aerosol descent, we can deduce some things about their properties. In the absence of neutral atmospheric motion the vertical velocity of a charged particle in the ionosphere where magnetic field effects are not important is given by [e.g., Kelley, 1989] •,=•-• Z, eE N•, dz rn•,g •,
where E is the vertical electric field strength, g is the gravitationM acceleration, and z increases upward. First, we explore the effect of gravity alone.
Substituting ( Figure 6 ). However, this explanation would cease to make sense if a three-frequency radar PMSE experiment shows the reflectivity at 224 MHz to be well below that of the predicted turbulent scatter value for $c-1000. Such an experiment is currently planned and will be crucial in testing these ideas. Since it is thought that negatively charged aerosols cannot exceed a charge number of about 4, we look to a model which includes positively charged aerosols. Then, in order to achieve a significant enhancement in the electron Schmidt number to create the P MSE, we need the param- If it turns out that enhanced incoherent scatter is responsible for the UHF PMSE, there is no a priori reason to believe that the same aerosols are responsible for both the VHF and UHF PMSE. Power-height profiles of simultaneous PMSE at 46.9 and 933 MHz given by RSttger et al. [1990] show the former occurring at a slightly lower height than the latter. (Granted, absolute altitude calibration for the Cornell University portable radar interferometer (CUPRI) was not done to within the height resolution of the EISCAT radar.) One interpretation is as follows: Above a certain size such that the gravitational settling speed becomes more significant than the mean thermal speed, the aerosols would be height dependently ordered, with the larger ones sinking to the bottom. This would imply that the UHF PMSE are due to smaller aerosols, which would also likely mean less positive charge and greater number density. More extensive simultaneous measurements of PMSE with VHF and UHF radars need to be taken to investigate this possibility. A good altitude calibration is crucial in this regard.
For example, turbulent scatter PMSE has not been completely ruled out for UHF radar; but if this is the dominant scatter mechanism, we would expect to see the echoes coming from the same altitude as the VHF PMSE, since the same aerosols would be responsible for enhancing the electron Schmidt number regardless of radar frequency. Height dependence of enhanced incoherent scatter spectral width could also, in principle, be used to obtain information on size versus height of charged aerosols. In this paper we presented calculations of spectral width versus aerosol radius which can be compared with such measurements.
On the theoretical side the greatest uncertainty regarding the validity of our ideas revolve around the importance of photoemission in the charging of aerosols. Unfortunately, without further experimental data on the material nature of these particles one cannot go much beyond speculation at this point.
